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Sciencfls, on the 18th of August, Renard and Krebs ac
corded to 'l'issandier the credit of priority in success
fully applying electricity to the propulsiou of balloons. 
Tissandier, on the other hand, equally freely a�corded 
to them the credit of making a pl'Onol1nced success of 
what had been develop�d to ouly a limited extent 
in his hands on account of the want of funds. To 
each of the group praise is due for making such decided 
ad vance toward the solution of a problem which was 
theoretically solved long ago, but which involved prac· 
tical difficulties that seemed almost if not quite insur· 
moun table. 

In the following table, prepared by Major Buchholtz, 
a German engineer, a comparison is given of the dis
tinctive features and the results attained in the aero
nautic experiments just described. 

been conspicuously headstrong. Detaching the car 
and 8teering apparatus from Campbell's balloon, he 
substituted apparatus of his own device, and ascended 
from Brooklyn on the 16th of July, 1889. A breeze 
was blowing from the west, and the ascensioll was 
made against the advice of all of Hogan's friends who 
were present. On attempting to set his propeller wheel 
into operation, he found this to be out of order, and 
within a few minutes it fell to the ground. Possibly 
his valve may have been out of order also, for appa
rently nothing was done to make the balloon desceud. 
It was wafted out over the Atlantic Ocean, and Mr. 
Hogan was lost with the balloon. 

As a means of locomotion the balloon is scarcely des
tined to attain any commercial importance, but for 
military purposes it may yet be far more valuable than 

In most branches of science, the more facts we know 
the more fully we recognize a continuity, in virtue of 
which we see the same pl'Operty runlling through all 
the various forms of matter. 

It is not so in magnetism; here the IlJOre we know 
the more remarkably exceptIOnal does the propel·ty 
appear, the less chance does there seem to be of resol v
ing it into anything else. 

It seems to me that I cannot bett.er occupy the pres
ent occasion than by recalling your attention to, and in· 
viting discussion of, some of those salient properties of 
magnetism as exhibited by iron, nickel, and cobalt
properties most of them very familiar, but properties 
which any theory of magnetism must reckon with and 
explain. 

MAJOR BUCHHOLTZ'S TABLE. 

We shall not touch on the great subject of the earth 
as a magnet·-though much has been recently done, 
particularly by Rucker and 'rhorpe-but deal simply 
with magnetism as a property of these three bodies, 
and consider its natural history, and how it varies with 
the varying condition of the material. 

Name. Giffard. Dupuy de Lome. Haenlein. 
Tissandier" 

8 Oct .• 1883. 
25 Sept., 1884. 

I Renard and Krebs 
9 and 12 Sept., 1884. 

Length, meters ... ...... . _ . .  _ _  • . .  44 36'12 50'40 28 50'42 

To fix our ideas, let us consider, then, a ring of uni
form section of any convenient area and diameter. Let 
us suppose this ring to be wound with copper wire, the 
convolutions being insulated. Over the copper wire 
let us suppose that a second wire is wound, also in
sulated, the coils of each wire being arranged as are 
the coils of any ordinary modern transformer. Let us 
suppose that the ends of the inner coil, which we will 
call the secondary coil, are connected to a ballistic 
galvanometer, and that the ends of the outer coil. 
called the primary, are connect,ed, through a key for 
reversin� the current, with a battery. 

Height, meters ..... ........ ..... 12 14'84 9'20 9'20 8'40 
Capacity, cubic meters .......... 1600 (about) 3454 2408 1060 1864 

1800 3799 2629 1240 2000 Ascending power, kilog .......... 
Motor, with accessories ......... { 320 kg. lIu. 

350 kg. 
1050 kg. } B menl 
204 kg. :=: lu. 537 kg., 3·6u. 280 kg., 1'5u. 652 kg., 8·5u. 

Diameter of screw, meters ...... 3'4 (mean) 9 (mean) 4'6 (mean) 2'85 (mean) 7 (about mean) 
N urn ber of revolutions .. _ . _ . .  , ., 110 25-27 90-180 120 46 
Velocity, meters per second .. 2-3 2'60 5'20-10 3-5 5 50-9 
Total weight, in kilos. per H. P .. 600 3000 730 500 235 
Weight of motor per H. P ....... 290 12000 146'4 186 77 

If the current in the primary coil is reversed, the gal
vl.tnometer needle is observed to receive a sudden or 
impulsive deflection, indicating that for a short time 
an electromotive force has been acting on the second
ary coil. 

The very hi�h value, 12,000, given in Buchholtz's 
table to the weight of motor per horse power in Dupuy 
de Lome's experiment is on the assumption that the 
power of a man at the crank is 6'4 kilogram meters 
per second, an estimate that is perhaps too small. 
But even if this be increased up to 10 kilogram meters, 
the result is not far from 8.000, which is so large in 
comparison with the value 77, obtained in the experi
lIlent of Renard and Krebs, that very little induce
ment is left for any one to attempt again the applica
tion of muscular power to balloon propulsion. These 
figures emphasize the remarkable character of the re
sults more recently attained by an American aeronaut. 

Mr. Peter C. Campbell, of Brooklyn, is a jeweler, 
whose mechanical skill has been applied at various 
times during the last twenty years or more to the con
struction of balloons on a small scale. In 1887 he 
made the model of a steer able balloon, which was ex
hibited to friends at his place of business. It was filIed 
with hydrogen and propelled by clockwork. He suf
fered the misfortune of being "interviewed" by a 
newspaper reporter, a distinctively American calamity, 
and the result was the pUblication of rather sensa
tional stories in regard to the expected achitwements 
of the larger balloon which Mr. Campbell had under
taken to build. This balloon was finished in due time, 
and stored at Coney Island. Mr. Campbell seems noi 
to have been thoroughly posted in regard to the com
parison of results attained by his various predecessors 
in France. Instead of making his balloon pointed at 
the two ends, he gave it the form of an ellipsoid of 
revolution. Its length was only 42 feet; greatest dia
meter, 24 feet.i..,capacity, 15,000 cubic feet; and weight, 
150 pounds. vv hen filled with hydrogen, its ascensive 
power was, therefore, about1,050pounds, or 900 pounds 
to balance the weight of the car, steering apparatus, 
aeronaut, and ballast. For motive power he depended 
upon the muscular energy of the single aeronaut. This 
was not encouraging, in view of Dupuy de Lome's 
limited success with a larger balloon of better shape 
and the strength of a dozen men to utilize. Mr. Camp
bell placed his propeller fan at the rear end of the 
keel, which was suspended and duly braced beneath 
the balloon. The rudder, which was very large, was 
placed at the front end. Two pairs of small propellers 
were additionally placed at the ends, with their axes at 
right angles 1.0 that of the balloon, to assist in chang
ing its diree.tion. A pair of silk wings were also dis
posed lon!;{itudinally on the two sides for the same 
purpose. In view of the ready response to the motion 
of the rudder secured by 'rissandier, and Renard and 
Kreb�, these wings and terminal small propellers were 
worse than useless, serving only to increase the surface 
of resistance to the air; for no single aeronaut could 
manage them and at the same time keep the main 
propeller properly in motion. The car was circular, 
and through its floor passed a vertical shaft, to which 
was attached a propeller with twelve vanes. By rotat
ing this, the balloon was to be elevated or depressed. 
Mr. Campbell did not wish to ascend to any great 
height, but rather to keep an almost exact adjustment 
between ascensive power and load, depending upon 
the central propeller chiefly for any change of eleva
tion. 

A trial trip was made with this balloon on the 8th of 
December, 1888, with Mr. Jame� Allen as aeronaut. 
The afternoon was exceptionally cal III, the faint breeze 
being from sea toward land. The balloon was inflated 
with hydrogen and rose to a height of 400 or 5()0 feet. 
The motion of the central propeller was then reversed, 
and the balloon was brought down to the spot from 
which it had risen. Again the propeller was reversed, 
and it rose to its previous height. The main terminal 
propeller. was then put into operation, and the balloon 
was propelled against the breeze. made to describe a 
circle, directed toward the east end of the island, then 
back, then northward, and finally landed in safety, 
after having been in the air about two hours, The 
total distance traversed during this time was estimated 
to be ten miles, The mean velocity of five miles an 
hour was thus not more than a third of that attained 
by Renard and Krebs in their later experiments, but 
about equal to that of Dupuy de Lome'� giant balloon. 
The experiment was remarkable as affording the best 
result thus far attained in balloon propulsion and 
steering with no motor other than a single human 
being. 

On account of insufficient pecuniary resources, Mr. 
Campbell was compelled to yield to others a partial in· 
terest in his balloon. One of these was E. D. Hogan, 
a professional aeronaut and a man who seellls to have 

it has been in the past. Balloon traveling has gener
ally been nothing more than aerial drifting. Aerial 
navigation had no existence whatever until elongated 
balloons came into use, with the application of motive 
power to the screw propeller in air. Increasing experi
ence will determine the best disposition to be made in 
relation to a variety of points that are still open to 
discussion, such as the best methods of reducing resist
ance and increasing the efficiency of the motor. On the 
basis of the SUCceSS already achieved, calculations have 
been made which indicate that it may be quite possi
hie. at no very distant future time, to construct larger 
balloons that will travel in calm air at a speed of twen
ty-ti ve or thirty miles an hour. But, the great expense at
tendant upon their construction and use forbids the idea 
of competition with railroads or steamships. The high
tension battery which is at present the most available 
�ource of energy has an effective life of only a few 
honrs; and, even during this time, the cost of zinc and 
acid is far in excess of that of coal and water. It is 
quite possible that more economical methods of gener
ating electricity may be devised in the future. The 
method which is now most economical is wholly inap
plicable to balloons; for a dynamo needs to be driven 
by steam power, and if this be applied at all to the 
halloon, it can be utilized best without the medium of 
the dynamo. The engineering problem is still not 
quite satisfactorily solved; but it does not seem by 
any means hopeless. The only hopeless feature is that 

If the resistance of the secondary circuit is varied, 
the sudden deflection of the galvanometer needle varies 
inversely as the resistance. With constant resistance 
of the secondary circuit the deflection varies as the 
n 11m ber of convolutions in the secondary circuit. If 
the ring upon which the coils of copper wire are wound 
is made of wood or glass-or, indeed, of 99 out of every 
100 sUbsta.nces which could be proposed-we should 
find that for a given current in the primary coil the de
flection of the galvanometer in the :secondary circuit is 
substantially the same. 

The ring may be of copper, of gold, of wood, or glass 
-it may be solid or it may be hollow-it llIakes no dif
ference in the deflection of the galvanometer. We find, 
further, that with the vast majority of su bstances the 
deflection of the galvanometer in the secondary circuit 
is proportional to the current in the primary circuit. 
If, however, the ring be of soft iron, we find that the 
conditions are enormously different. 

In the first place, the deflections of the galvanometer 
are very many times as great as if the ring were made 
of glass, or copper. or wood. 

In the second place, the deflections on the galvano
meter in the secondary circuit are not proportional to 
the current in the primary circuit; but as the current 
in the primary circuit is step by step in,jreased, we find 
that the galvanometer deflections increase somewhat, 
as is illustrated in the accompanying curve (Fig. 1), in 

connected with the popular use of the balloon. For spe- f---+-I-+-b...f-'""'1c-r=-+--t-'w�, ,u.H Icon 
cial purposes, where surface locomotion i� impossible, ,00" ___ I 
and where expenses can be sustained by great COl'pO- t--l--o�.r�t-+---Cl-+�I- +�+---+I_+--+_+--+-i rations or very wealthy individuals, the steerable bal- / loon may yet win for itself an important place. But 
the mass of mankind, even in dense centers of civiliza
tion, with steamboats and elevated railroads to depend 
upon, will in all likelihood continue their allegiance to 
Mother Earth, and be content to allow the explorers of 
the ai:- to run the risk of sharing the fate of Icarus. 

MAGNETISM.* 
By Dr. JOHN HOPKINSON. 

As old as any part of electrical science is the knowl
edge that a needle or bar of steel which has been touch
ed with a loadstone will point to the north. Long be
fore the first experimentsRof Galvani and Volta, the 
general properties of steel magnets had been observed 
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-how like poles repelled each other, and unlike at- which the abscissre are proportional to the primary tracted each other; how the parts of a broken magnet current, and the ordinates are proportional to the galwere each complete magnets with a pair of poles. The vanometer defiectiolJs, general character of the earth's magnetism has long You observe that as the primary current is increased been known�that the earth behaves with regard to the galvanometer deflection increase� at first at a cermagnets as though it had two magnetic poles respect- tain rate; as the primary current attains a certain ively near the rotative poles, and that these poles have value the rate at which the deflection increases therea slow secular lII�tion. For many years the earth's with is rapidly increased, as shown in the upward turn magnfltism has been the subject of careful study by in the curve. This rate of increase is maintained for a the most powerful minds. Gauss organized a staff of time, but only for a time. voluntary observers, and applied his unsurpassed When the primary current attains a certain value powers of llIathematical analysis to obtaining from the curve bends downward, indicating that the deflec· thpir results a II that could be learned. tions of the galvanometer are now increasing less rapid-'l'he magnetism of iron ships is of so much import- Iy as the primary current is increased' if the primary ance in navigation that a good deal of the time of men current be still continually increased. the galvanometer of great power has been devoted to its study. It was deflections increase less and less rapidly. 
the scientific study of Archibald Smith; and Airy and Now, what I want to particularly impress upon you Thomson have added not a litUe to our practical is the enormous difference which exists between soft knowledge of the disturbance of thfl compass by the iron on the one hand and ordinary suhstances on the iron of the ship, other, On this diagram I have taken the galvanometer 

Sir W. Thomson, in addition to much valuable prac- deflections to the same scale for iron and for such sub
tical work on the compass, and experimental work on stances as glass or wood. You see that the deflections magnetism. has given the most complete and elegant in the case of glass or wood, to the same scale, are so mathematical theory of the subject. small as to be absolutely inappreciable, while the de-

Of late years the development of the dynamo ma- flection for iron at one point of the curve is something 
chine has directed attention to the magnetization of like 2,000 times as great as for non-magnetic subiron from a different point of view, and a very great stances. This extraordinary property is possessed by deal has been done by many workers to ascertain the only two other substances besides iron-cobalt and facts regarding the magnetic properties of iron. nickel. On the same figure are curves showing on the 

The upshot of these many years of study by practical same scale what would be the deflections fDr cobalt men interested in the mariner's compass or in dynamo and nickel, taken from Prof. Rowlands' paper. You machines by theoretical men interested in looking into observe that they show the sallie general characterthe nature of things. is that:although we know a great istics a� iron, but in a rather less degree. Still, it is Ulanv facts about magnetism, and a great deal about obvious that these substances lIIay be broadly classed the relation of these facts to each other, we are as ig- with iron in contradistinct.ion to the great mass of norant as ever we were as to any reason why the earth other bodies. On the other hand. diamagnetic bodies 
is a !lla�net, as .to whr its magnetic poles are in .slow belong distinctly to the other class. If the deflection lI�otlOn III relatIOn to ItS subst�nce, or as t� why Iron, with a non-magnetic ring be unity, that with iron, as nlckel, and coba!t are magnetl<,l, and nothmg else, so I already stated, llIay be as much as 2,000; that with far as we know, IS to any practICal extent. 

I 
bismuth, the ruost powerful diamagnetic known, is 

* Recent inaugural add!"e •• as ;;resident of the InBtituti�n
--�f EI�;;tricai 0'999825-a quantity differin,g very little from unity 

Engmeers, London. Note, then, the first fact whIch any theory of mllgn(']· 
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iSIll has to explain is: Iron, nickel, and cobalt, all I This property possessed by magnetic bodies of retain· 
enormou�ly magnetic; other substances practiMlly, ing that which is impressed upon them by the primary 
non-magnetic. A second fact is: With most bodies current has been called by Prof. Ewing" hysteresis," 
the action of the primary current on the secondary or, as similar properties have been observed in quite 
circuit is strictly proportional to the primary curren t; other connections, "magnetic hysteresis." The name 
with Illag:netic bodies it is by no means so. is a good one and has been adopted. Broadly speak-

You will observe that the ordinates in these curves, ing, the induction as measured by the galvanometer 
which are proportional to the kicks or elongations of deflection is independent of the time during which the 
the galvanometer, are called induction, and that the succesRive currents have acted, and depends only upon 
abscissffi are called magnetizing force. Let us see a their magnitude and order of succession. Some recent 
little more precisely what we mean by the terms, and experiments of Prof. Ewing, however, seem to show a 
what are the units of measurement taken. The elon- well marked time effect. There are curious features in 
gation of the galvanometer measures an impulsive these experiments which require lIIore elucidation. 
force-an electromotive force acting for a very, short It has been pointed out by Warburg, and subse
time. Charge a condenser to a known potential, and quently by Ewing, that the area of curve 2 is a measure 
discharge it through the galvanometer: the needle of of the quantity of energy expended in changing the 
the galvanometer will swing aside through a number mag'netislll of the mass of iron from that produced 
of divisions proportional to the quantity of electricity by the current in one direction to that produced by 
in the condenser-that is, to the capacity and the po· the current in the opposite direction and back again. 
tential. From this we may calculate the quantity of The energy expended with varying amplitude of mag· 
electricity required to give a unit elongation. Multiply netizing forces has been determined for iron, and also 
this by the actual resistance of the secondary circuit, for large magnetizing forces foJ' a considerable variety 
and we have the impulsive electromotive force in volts of samples of steel. Different sorts of iron and steel 
and seconds, which will, in the particular �econdary differ from each other very greatly in this respect. 
circuit, give a unit elongation. We must multiply this For example, the energy lost in a complete cycle of 
by 10' to have it in absolute C. G. S. units. Now the reversals in a sample of Whitworth's mild steel was 
induction is the impulsive electromotive force in about 10,000 ergs per cubic centimeter; in oil-hardened 
absolute C. G. S. units divided by the number of hard steel, it was near 100,000; and in tungsten steel it 
secondary coils and by the area of section of the was near 200,000-a range of variation of 21 to 1. It is of 
ring in square centimeters. The line integral of course of the greatest possible importance to keep this 
magnetizing force is the current in the primary in quantity low in the case of armatures uf dynamos and 
absolute C. G. S. units-that is, one·tenth of the cur- in that of the cores of transformers. If the armature 
rent in amperes-multiplied by 4 7t. The magnetizing of a dynamo machine be made of good iron, the loss 
force is the line integral divided by the length of the from hysteresis may easily be less than one per cent.; 
line over which that line integral is distributed. This if, however, to take an extreme case, it were made of 
is, in truth, not exactly the same for all points of the tungsten steel, it would readily amount to twenty per 
section of the ring-an imperfection so far as it goes in cent. In the case of transformers and alternate cur
the ring method of experiment. The absolute electro- rent dynamo machines, where the number of reversals 
magnet C. G. S. units have been so chosen that if the per second is great, the loss of power by hysteresis of 
ring be perfectly non·magnetic, the induction is equal the iron and the consequent heating becomes very im
to the magnetizing force. We may refer later to the portant. The loss of power by hysteresis increases 
permeability, as Sir W. Thomson calls it : it is the ratio more rapidly than does the induction. Hence it is not 
of the induction to the magnetizing force causing it, and well in such machines to work the iron to anything 
is usually denoted by JI.. like the same intensity of induction as is desirable in 

There is a further difference between the limited class ordinary continuous current machines. The quantity, 
of magnetic bodies and the great class which are noil' 0 A, when measured in proper units, as already ex· 
Illagnetic. To show this, we may suppose our experi. plained-that is to say, the reversed magnetic force, 
ment with the ring to be varied in one or other of which just suffices to reduce the induction as measured 
two or three different ways. To fix our ideas, let us by the kick on the galvanometer to nothing after the 
suppose that the secondary coil is collected in one part material has been submitted to a very great magnetiz
of the ring, which, provided that the number of turns ing force-is called the" coercive force." giving a defi
in the secondary is maintained the same, willlllake no nite meaning to a term which has long been used in a 
difference in the result in the galvanometer. Let us somewhat indefinite sense. The quantity is really the 
suppose, further. that the ring is divided so that its important one in judging the magnetism of short per
parts Illay be plucked from together, and the second- manent magnets. 'fhe residual magnetism, 0 B, is 
ary coil entirely withdrawn from the ring. If now the then practically of no interest at all; the magnetic mo· 
primary current have a certain value, and if the ring Illent depends almost entirely upon the coercive force. 
be plucked apart and the secondary coil withdrawn, The range of magnitude is somewhat greater than in 
w e shall find that, whatever be the substance of which the case of the energy dissipated in a complete reversal. 
the ring is composed, the galvanometer deflection is For very soft iron the coercive force is 1'6 C. G.' S. 
one·half of what it would have been if the primary units; for tungsten steel, the most suitable material for 
current had been reversed. I should perhaps say ap- magnets, it is 51 in the same units. A very good guess 
proximately one·half, as it is uot quite strictly the case IlIay be made of the amount of coercive force in a sam
in some samples of steel, although, broadly speaking, 

I 
pIe of iron .. or steel by the form of the ascending curve, 

it is one-half. This is natural enough, for the excit- determined as I described at first. This is readily seen 
ing cause is reduced from, let us call it a positive by inspection of Fig. 3, which shows the curves in the 
value, to nothing when the secondarr. coil is with· 
drawn; it is changed from a positive va ue to an equal 
and opposite negative value when the primary cur-
rent is reduced. N ow comes the third characteristic 
difference between the magnetic bodies and the non-
magnetic. Suppose that, instead of plucking the ring 
apart when the current had a certain value, the cur-
rent was raised to this value and then gradually dimin-
ished to nothing, and that then the ring was plucked 
apart and the secondary coil withdrawn. If the ring 
be non·magnetic, we find that there is no deflbction of 
the galvanometer; but, on the other hand, if the ring 
be of iron, we find a very large deflection, amounting, 
it may be, to 80 or 90 per cent. of the deflection caused 
by the withdrawal of the coil when the current had its 
full value. Whatever be the property that the pass· 
ing of the primary current has hnparted to the iron, it 
is clear that the iron retains a large part of this pro-
perty after the current has ceased. 

We may push the experiment a stage further. Sup-
pose that the current in the primary is raised to a great 
value, and is then slowly diminished to a smaller value, 
and that the ring is opened and the secondary coil 
withdrawn. With most substances we find that the 
galvanometer deflection is precisely the same as if the 
current had been simply raised to its final value. It is 
not so with iron; the galvanometer deflection depends 
not alone upon the current at the moment of with-
drawal, but on the current to which the ring has been 

reviously subjected. We may then draw another 
urve (Fig. 2) representing the galvanometer deflections p 
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roduced when the current has been raised to a high 
alue and has been subsequently reduced to a value 

'ndicated by the abscissffi. This curve may be proper-
y called a descending curve. In the case of ordinary 
odies this curve is a straight line coincident with the 

truight line of the ascending curve, but for iron is a 
urve such all is represented in the drawing. You ob· 
eI've that this curve descends to nothing like zero 

when the current is reduced to zero: and that when 
the current is not only diminished to zero, but is reo 
versed, the galvanoTll�ter deflection only bec?mes zero 
wh8n the reversed current has a substantial ,alue. 
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cases of wrought iron, and steel containing 0'9 per cent. 
of carbon. With the wrought iron a rapid ascent of 
the ascending curve is made. when the magnetizing 
force is small and the coercive force is small; in the 
case of the hard steel the ascent of the curve is made 
with a larger magnetizing current, and the coercive 
force is large. There is one curious feature shown in 
the curve for hard steel which may. so far as I know, 
be observed in all magnetizable substances: the ascend
ing curve twice cuts the descending curve, as at M and 
N. This peculiari�_ was, so far as I know, first ob
served by Prof. G. Wiedemann. 

(To be continued.) 

THE RENARD PRIMARY BATTERY. 
IT would appear that there is a revival of invention 

in respect of primary batteries, inasnmch as after a 
silence of about two years in this respect we have with· 
m the last two months or so recorded the particulars 
of two new batteries, and we now do so in respect of a 
third. 

This last is the invention of Major Renard, a French 
officer, who attracted attention with his battery in his 
own conntry during the Paris exhibition. 

Thi§ battery, which we recently inspected at Messrs. 
Aron's offices, Bridewell Place, London, has for its 
electrodes platinum, silvered by lamination, and zinc. 
The exciter is a solution of chromic acid, hydrochloric 
acid. and sulphuric acid. 

A battery, 2 ft. 9 in. high and 12 in. in diameter over 
all, weighs 25 pounds when charged, and is said to 
afford a glow light of from 20 to 25 candle power for 
from five to eight hours without replenishing the bat· 
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tery. the cost of each charge of the solution being 2s. 
The current produced is stated to be of 10 volts, 4 am· 
peres, and 45 watts. 

The special feature of this battery appears to be the 
method of working it. The electrodes are placed in 
tubular cells, which reach to the bottom of the battery 
and which are open at their lower ends. The elements 
themselves reach only half way down these tubes, and 
the exciting solution only reaches half way up them. 
Hence, in their normal position the electrodes are out 
of reach of the solution, and there can be no current 
produced; consequently no waEte is going on. To start, 
the light air is forced into the body of the battery by a 
small hand pump, and the compressed air impinging 
on the surface of the solution forces it upward into the 
tubular cells,and it thus surrounds the electrodes. The 
greater the compression given to the air, the brighter 
the light, in consequence of the electrodes being more 
deeply immersed in the fluid, and therefore producing 
a greater current. If it is desired to diminish the 
amount of light, a small valve is opened, and the air 
pressure is thus reduced, which causes the level of the 
fluid to become lowered. To extinguish the light the 
yalve is fully opened until the air pressure inside the 
battery is the same as that outside. It is stated that 
this battery has earned a good reputation in France, 
where it is being adopted by the military and naval 
authorities. By means of larger batteries than that 
we inspected, it is stated that arc lamps of 300 
candle power are run with sati�factory results.-Lon· 
don Times. 

ELECTRICITY IN CHEMICAL MANIPU
LATIONS. 

By REGINALD FESSENDEN, Chemist, Edison 
Lahoratory, Orange, New Jersey. 

A DESCRIPTION of a few pieces of chemical apparatus 
in which electricity is employed may be of interest. 

The current is derived from a simple primary bat
tery, such as described above. 

1. For Rapid Evaporation i n  Vacuum.-A is a piece 
of plate glass, through the center of which a hole is 

D 

bored by means of a brass tube and emery; in the hole 
a cork, H, is inserted, and two wires, G G, run through 
it, each connected to one end of the platinum loop, W, 
which latter is packed with magnesia or any such ma
terial. The o)Jeration is as follows: The dish, C, con
taining the su bstance to be evaporated. is placed on 
the stand, B, and the bell jar placed over all. 'fhe 
tube, F, is connected to the filter pump, and the wires, 
G G, to the terminals of the battery. Evaporation 
proceeds with extreme rapidity. More liquid is added 
from time to time through the separatory funnel, E. 
Where the current i8 obtainable, electric incandescent 
lamps may be used, in place of wire, with advantage. 

2. Automatic Heat RegulatM and Air Thermomete1'. 
-A is a piece of glass tube, 4 in ches long and one inch 
in diameter, having three nipples, one connected to a 
piece of thermometer tubing, B, one to a short piece of 
tubing, C, drawn Qut very fine at D, and haVing a cock 

at its lower extremity, and the third to the T-piece, E. 
K i� a tube connecting with the air bulb, which mav 
be of Bohemian glass; I is a bottle of mercury, con
necting by a rubber tube with H; N is a platinum 
wire, fused into A; M is a thin carbon rod, reRting on 
the capillary portion of a, and connected to the wire, 
L. There are cocks at H and T. 0 is an electro
magnet, connected to the wires, L and M. Q is a plung
er, held up by a spring in a piston, 80 that the gas 
can pass freely through the opening, R. to the burners 
so long as the magnet is not acting. The operation is 
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